The paper presents the possibilities of additive manufacturing of the selected alloy, Inconel, for production of ready-made elements. The results of surface topography examination of the material manufactured with the use of the device 557 RPMI working in the LDT technology (LDT = Laser Deposition Technology) have been compared to those of the cold drawn material. The surface just after manufacturing in these two technologies has been compared to the one after machining by means of variable machining parameters. The surface roughness parameter, Ssk is positive for all the surfaces of the sample made by the traditional technology, regardless of the feed. This means that most of the material is located close to the valleys. The surfaces are characterised by right-hand side asymmetry. In all the surfaces of the sample made by the additive technology, regardless of the feed value, the surface roughness parameter, Ssk, is negative, which means that most of the material is located close to the peaks.
INTRODUCTION
Additive manufacturing is an important method of forming products for designers and process engineers who have been dealing with commercial production for years. Unlike waste machining, this technique consists in depositing of the building material. Thanks to the contemporary additive techniques, it is possible to build real products basing on virtual geometry elaborated in the computer system (3D CAD). So far, additive techniques were associated with manufacturing plastic objects, mainly as prototypes. Nowadays, it is also production of ready-made elements of metal alloys. Additive manufacturing is more and more often applied in making functional and strong products. Most surface interactions are three-dimensional phenomena, therefore description of them cannot be limited to profile analysis. This is particularly important in the case of contact of two matching parts. 3D roughness measurements are used for better understanding of the nature of matching surfaces [1] . The increasing development of the additive techniques of metal materials brings the necessity of recognising the topography of surfaces of products made of those materials [2] [3] [4] [5] . This concerns both examination of just made surfaces and the ones subjected to machining.
THE MATERIAL APPLIED IN THE INVESTIGATION
LDT (Laser Deposition Technology) is used in industry for depositing hard-to-machine materials on previously prepared core, making ready-made elements and for regeneration of previously manufactured parts. The principle of functioning is shown in Figure 1 . Laser melts the base material on which one or more metal powders are deposited through a nozzle.
The executed elements can be subjected to additional machining in places of matching with other elements. In our investigation, Inconel 625 has been used; the alloy is in accordance with the European Standard 2.4856. This kind of nickel-chromium alloys has high tensile strength, creep strength and stress resistance. Inconel 625 has good corrosion resistance in various corrosive environments. The alloy is also suitable for generating complex elements for work at high temperatures and in places where high strength is required. Objects made by the additive techniques of the Inconel 625 material achieve material properties comparable to those of forged material and exceed the properties of cast models. An important feature of this material is its resistance to high temperature and very good corrosion resistance [5] . The products can be machined, welded, polished and varnished, both just after manufacturing and after heat treatment. Inconel 625 is applied for functional prototypes of metal parts and for ready made parts of machines in short series production, mainly in aircraft industry and automotive sports, as well as in production and regeneration of high temperature turbines. Two kinds of samples have been made. Sample D1 has been made in the form of a shaft with the diameter of 10 mm and length of 100 mm on the 557 RPMI device for direct depositing of metal by the LDT method. Sample D1" has been made by the traditional techniques in the process of cold drawing. Many centres in the world investigate Inconel 625 parts made by the additive techniques [6] [7] [8] [9] [10] [11] [12] .
RESEARCH METODOLOGY
The results of surface topography have been analysed both for the samples just after manufacturing and the ones after the process of finish machining as indicated in the literature [13] [14] [15] [16] (top), B (middle) and C (bottom) have been determined; the areas have been subjected to machining under production conditions (Fig. 2) .
Measurements have been performed with the use of a focal differentiation microscope and computer software version, MountainsMap Premium 7.4. 
TEST RESULTS
Characteristics of sample D1 before machining in area B have been shown in Figure 3 . Topography examination has also been performed on sample D1" in area B. In samples D 1 B and D1" B, inclination of Ssk is positive, the surface is inclined downward in relation to the average line. The samples have been made in two different technologies and the height parameters differ significantly from each other. The polar diagram for sample D1 B shows mixed surface structure; in the case of sample D1" B, however, it shows anisotropic structure of the surface. Figure 4 shows an analysis of surface roughness parameters, Ssk and Sku, set in pairs, of Inconel 625 samples made by the additive method. The same machining parameters have been adopted for the same areas of the samples made by the additive technique and the ones made by the traditional method. The test results in the diagrams show that the surface roughness parameter, Ssk, is positive for all the surfaces of sample D1", regardless of the feed parameters. This means that most of the material is located close to the valleys. The surfaces of the sample made by the traditional technology show right-hand side asymmetry. In all the surfaces of sample D1, regardless of the feed value, the surface roughness parameter, Ssk, is negative, which means that most of the material is located close to the peaks, the surface shows left-hand side asymmetry. Sku parameter indicates the presence of very high peaks on the surface of sample D1" A and D1" B, the feature values are more concentrated. The values of the Sku parameter of the D1 A, D1 B, D1 C and D1" C are less than 3, which proves flattened vertices on the surface. After the determination of the surface roughness parameters, the technological surface has been shown in a graphic form. This analysis consists in assessing the collected 3D points of the surface and presenting them in the form of contour maps and isometric images. The surface topography has been visually analysed in order to present the characteristics of the turning process. Figures 5 and 6 show the surfaces of samples D1 A and D1" A after turning by means of the smallest values of the cutting parameters (vc = 40 m/min, f = 0.1 mm/rev, ap = 0.4 mm). On the surface of sample D1 A, shown in Figure 5 , made by the additive technique, one can see periodicity, characteristic for the turning operation. The amplitude parameters of the surface roughness have been determined in accordance with the standard, ISO 25178 [2] .
The values of parameters Sa and Sq are higher for the surface of sample D1 A made by the additive technique -the differences are as high as 60% for the Sa parameter and 50% for the Sq parameter as compared to the surface of sample S1" A. Differences can also be observed in parameters Sp, Sv The values of parameters Sa and Sq are slightly higher for the surface of sample D1" C than those of sample D1 C. The differences are as high as 8% for parameter Sa and 1% for parameter Sq. There are also differences in parameters Sp, Sv and Sz. The values of parameters Sp and Sz are higher for the surface of sample D1 C. The biggest difference, amounting 123%, can be observed for the maximum height of pits. In Figures 9 and 10 , one can see that the values of the roughness parameters clearly grow with the increase of the feed value. When the feed value grows from f = 0.1 mm/rev to f = 0.2 mm/rev, the roughness parameters, Sa and Sq, increase both for sample D1 and D1". Parameters Sp, Sv and Sz grow with the growth of feed in the case of the surface of sample D1 made by the additive technique and decrease in the case of the surface of sample D1".
The strongest influence on the tribological features are those of the parameters determining roughness and structure lay, that is parameters influencing the degree of the structure roughness [13] [14] [15] [16] [17] . In the structure of samples D1 A, D1 B, D1 C, D1" A and D1"C, very clear directionality of the traces of machining can be observed. The structure of sample D1" B, on the other hand, is characterised by big randomness of the traces distribution. In samples D1 and D1" after machining, the surfaces are isotropic in the range of 3.10% to 37.4% . In this case one can speak about anisotropic and mixed surface. Table 1 presents the values of isotropy of the individual samples. The application of variable feed values significantly influences the increase of isotropy. It increases with the growth of feed. Those growths are comparable both for the sample made by the additive technique and the one made in traditional technology. In the case of sample D1 with the feed of f = 0.1mm/rev, isotropy amounts 4.46% and grows up to 10% with the feed of f = 0.2 mm/rev. In the case of sample D1" with the feed of f = 0.1 mm/rev, isotropy amounts 3.10% and grows up to 37.4% with the feed of f = 0.15 mm/rev and drops down to 7.83% with the feed of f = 0.2 mm/rev. In order to get a more complete image, Figure 11 shows recorded changes of isotropy degrees for various values of the machining parameters. The biggest difference as compared to the other surfaces is that of the surface of sample D1" B where isotropy is 37.4%.
In Figure 12 , one can see the isotropy of the surface of sample D1 A and D" A after turning with the smallest considered feeds (f = 0.1 mm/rev). Both examined surfaces have anisotropic structure and the isotropy differences between the two surfaces amount 1.36%. Less feed values result in less disturbances on the surface and the surface is more precisely executed. The subsequent polar diagrams seen in Figure 13 show the surfaces of samples D1 B and D1" B after turning with the feed of f = 0.15 mm/rev. The first analysed surface has anisotropic structure, the second has mixed structure. The differences of isotropy between the two surfaces amount 30.99%. The last of the considered surfaces of samples C1 C and C1" C obtained by turning with the feed value of f = 0.2 mm/rev have been shown in Figure 14 . The increase of the feed value reduces the surface anisotropy for the surface of a sample made by the additive technique. The differences of isotropy between the two surfaces amount 2.17%.
Analysing the directionality of the surface structure after the process of turning shown in Figures 12 to 14 , one can notice the influence of the feed on the surface isotropy. The increase of the feed value reduces anisotropy of the surface resulting in unification of the surface structure parameters in all directions. 
CONCLUSIONS
Three-dimensional topographic surface analysis is increasingly popular in industry and it seems that its role will be more and more important in designing and production. 3D measurements of roughness are used for better understanding of the nature of surface. The functional properties of the surface layer of machine parts, i.e., for example hardness and structure, depend on the cutting parameters [17] [18] [19] [20] .The paper presents comparison of the results of topography examination of the surface of Inconel 625 manufactured in the LDT (Laser Deposition Technology) and the cold drawn one. The surface just after manufacturing in two technologies and one after machining with variable cutting parameters have been compared. Basing on the tests performed, the following conclusions can be formulated:
 The surface roughness parameter, Ssk, is positive in all the surfaces of the sample made in the traditional technology regardless of the feed value. This means that most of the material is located close to the valleys. The surfaces are characterised by right-hand side asymmetry. In all the surfaces of the sample made in the additive technique, the surface roughness parameter, Ssk, is negative, which means that most of the material is located close to the peaks. The surface is characterised by left-hand side asymmetry.  The values of Sa and Sq parameters are higher in the surface of sample D1 A made by the additive technique. The differences amount 60% for parameter Sa and 50% for parameter Sq, as compared to the surface of sample D1" A manufactured in the traditional technology. There are also differences in parameters Sp, Sv and Sz which depend on single peaks or pits on the surface. The values of those parameters are higher for the surface of sample D1" A. The biggest difference can be observed for the maximum height of pits, Sv, which amounts 97%.  Analysing the directionality of the surface structure after the process of turning, one can notice the influence of feed on the surface isotropy. The increase of the feed value influences reduction of surface anisotropy and results in unification of the surface structure parameters in all directions.
